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FOREWORD 

This  i s  R e p o r t  No, IITRI-U6002-31 (Triannual  Report) of 
IITRI Project U6002 Cont rac t  N o ,  NAS8-5379 e n t i t l e d  " Inves t i -  
g a t i o n  of Environmental E f f e c t s  on Coat ings '  f o r  Thermal Control 
of Large Space Vehicles," The r e p o r t  covers  t h e  per iod  from 
May 20 through September 20, 1965, Previous Triannual  Reports 
w e r e  i s sued  on October 25, 1963, March 5 ,  1964, J u l y  20, 1964, 
D e c e m b e r  2 1 ,  1964, February 23, 1965, and J u l y  20, 1965: 

Because of a d i v i s i o n a l  re-organizat ion and accompanying 
admin i s t r a t ive  change? t h e  IITRI project number des igna t ing  t h i s  
program has  been changed, Two new d i v i s i o n s  have been formed 
from what was o r i g i n a l l y  t h e  Chemistry Div is ion  - Applied Chemis- 
t r y  (Divis ion C) and Chemical Sciences (Divis ion U ) ,  P r o j e c t  
admin i s t r a t ion  and t e c h n i c a l  organiza t ion  however ? are n o t  
affected. P r o j e c t s  ass igned t o  s e c t i o n s  wi th in  t h e  Chemical 
Sciences Div is ion  have accordingly been redes igna ted ,  Since 
t h e  Polymer Sec t ion ,  which adminis te rs  t h i s  program, i s  i n  
Div is ion  U ,  t h e  p r o j e c t  C6014 has become p r o j e c t  U6002, 

Major c o n t r i b u t o r s  t o  t h e  program inc lude  Gene A, Z e r l a u t ,  
P r o j e c t  Leader; John E ,  G i l l i g a n ,  general consul ta t ions  D r ,  G o  A, 
Rubin and R ,  F, F i r e s tone ,  inorganic  coa t ings ;  Warren Jamison, 
W, C, Courtney and C, A, Erdman, s i l i c o n e  i r r a d i a t i o n s  and 
m a s s  spectrometry; R, Serway, D r ,  G ,  Noble and V, Raziunas, 
e l e c t r o n  sp in  resonance s t u d i e s ;  Douglas G o  Vance s i l i c o n e  
p a i n t  p repa ra t ion  and space chamber tests; and N o  D, Bennett ,  
r e f l e c t a n c e  measurements, D r ,  To H, Meltzer ,  Manager of Polymer 
Research, provides  admin i s t r a t ive  superv is ion ,  The work reported 
h e r e i n  w a s  performed under t h e  t echn ica l  d i r e c t i o n  of t h e  Research 
P r o j e c t s  Laboratory of t h e  George C, Marshall  Space F l i g h t  
Center  with M r ,  D a n i e l  W, G a t e s  a c t i n g  as  P r o j e c t  Managero 

D a t a  a r e  recorded i n  I I T R I  Logbooks C13423, C13736, C13802, 
and 614176, 

Respec t fu l ly  submitted,  

I I T  RESEAFtCH INSTITUTE 
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This r e p o r t  describes s t u d i e s  aimed a t  t h e  development of 

s t a b l e  thermal-control coa t ings  with the lowest poss ib l e  r a t i o  

of s o l a r  absorptance t o  in f r a red  emit tance,  The work i s  cur- 

r e n t l y  proceeding i n  two major d i r e c t i o n s :  (1) s t u d i e s  of 

inorganic  pigments and ( 2 )  u l t r a v i o l e t  pho to lys i s  s t u d i e s  of 

methyl s i l i c o n e  polymers. 

Accomplishments dur ing  the r e p o r t  per iod  included: (1) The 

observat ion t h a t  po rce l a in  enamels even those  opac i f ied  w i t h  

l lunstable"  antimony oxide have except iona l  s t a b i l i t y .  T h i s  

f a c t  emphasizes the importance of examining the inf luence  on 

s t a b i l i t y  of su r f ace  s t a t e s .  ( 2 )  Doping of z i n c  oxide w i t h  

0.1 and 0.01% l i t h i u m  improves the s t a b i l i t y  of z inc  oxide 

powders a t  l i t t l e  c o s t  t o  the i n i t i a l  o p t i c a l  p r o p e r t i e s .  

( 3 )  Moisture appears t o  have l i t t l e  effect  on t h e  s t a b i l i t y  of 

S-13 p a i n t :  an S-13 specimen prepared under anhydrous cond i t ions ,  

however, possessed the lowest so l a r  absorptance of any S-13 f i l m  

prepared thus  f a r ,  0 -15  f o r  a 5-mil f i l m ,  ( 4 )  A B-staged 

Owens-Il l inois Type 650 r e s i n  t h a t  was pigrrented with SP 500 

z i n c  oxide exh ib i t ed  improved phys ica l  p r o p e r t i e s  and a s o l a r  

absorptance inc rease  of only 0.002 a f t e r  an exposure of 1700 

equ iva len t  sun-hours . 
! I T  R E S E A R C H  I N S T I T U T E  
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DEVELOPMENT OF SPACE-STABLE THERMAL-CONTROL COATINGS 

I . INTRODUCTION 

The gene ra l  requirement under t h i s  contract  i s  for  develop- 

ment of thermal-control su r f ace  coa t ings  wi th  a very l o w  b u t  

stable r a t io  of solar absorptance (a )  t o  i n f r a r e d  emit tance 

( tZR) .  

(1) s t u d i e s  of inorganic  pigments and ( 2 )  u l t r a v i o l e t  pho to lys i s  

s t u d i e s  of methyl s i l i c o n e  polymers. Secondary e f f o r t s  involve 

(1) s y n t h e s i s  of methyl s i l i c o n e  polymers i n  support  of t h e  

p h o t o l y s i s  i n v e s t i g a t i o n s ,  ( 2 )  i n v e s t i g a t i o n s  of ino rgan ic  

pigment b inde r s ,  and (3 )  genera l  sc reening  of z inc  oxide-pigmented 

s i l i c o n e s  and p o t e n t i a l l y  use fu l  polymers. 

The work i s  c u r r e n t l y  proceeding i n  t w o  m a j o r  d i r e c t i o n s :  

The  s t u d i e s  of ino rgan ic  pigments involve screening and 

e v a l u a t i o n  of materials parameters t h a t  affect  pigment s t a b i l i t y o  

These s t u d i e s  are aimed a t  f ind ing  or prepar ing  s t a b l e  pigments 

t h a t  are p o t e n t i a l l y  use fu l  i n  formulating coa t ings  with a very 

l o w  solar absorptance.  

t i o n  parameters a f f e c t i n g  degradation. 

Emphasis h a s  been placed on t h e  prepara- 

The u l t r a v i o l e t  pho to lys i s  of methyl s i l i c o n e  polymers 

invo lve  e l e c t r o n  sp in  resonance and m a s s  spectrometry i n v e s t i -  

g a t i o n s  of c a r e f u l l y  prepared methyl and methyl-aromatic s i l i c o n e s  

i r radiated i n  a vacuum a t  t h e  following temperatures: l i q u i d  

n i t r o g e n ,  ambien t  (6OoC), and e l eva ted  (150OC). Work d u r i n g  

1 1 1  R E S E A R C H  I N S T I T U T E  
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t h i s  report period has  involved p h o t o l y s i s  s t u d i e s  on General 

E lec t r ic ' s  RTV-602 and Owens-Il l inois Type 650 Glass Resin 

polymer. 

of u l t r a v i o l e t  degradat ion of methyl s i l i c o n e  polymers and 

w i l l  hopefu l ly  lead t o  t h e  syn thes i s  of m o r e  stable methyl 

s i l i cone  systems. 

These s t u d i e s  a r e  aimed a t  expla in ing  t h e  mechanism 

I I T  RESEARCH I N S T I T U T E  
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11. INORGANIC COATINGS 

A. I n t roduc t ion  

The s t u d i e s  of inorganic  coa t ings  reported h e r e  have 

followed t h e  course o u t l i n e d  i n  t h e  l a s t  Triannual R e p o r t ,  

IITRI-C6014-26, J u l y  20, 1965. Screening s t u d i e s  and s t u d i e s  

of coa t ings  have been cont inued,  b u t  greater emphasis has  been 

placed on s t u d i e s  and t h e  prepara t ion  parameters a f f e c t i n g  t h e  

degradat ion of white  pigments. 

been s tud ied  have been dielectrics, i .e.,  those  materials with 

a band gap energy g r e a t e r  than 6 e V ,  which do n o t  absorb i n  

t h e  near  u l t r a v i o l e t ,  s i n c e  only t h e s e  materials o f f e r  a chance 

of ob ta in ing  a pigment with g r e a t e r  r e f l e c t a n c e  than z i n c  oxide. 

The white  pigments which have 

B. R e s u l t s  of Solar  Simulation T e s t s  

The r e s u l t s  of t h e  s o l a r  s imulat ion tests conducted during 

t h i s  period are summarized i n  Table 1. P e r t i n e n t  data on t h e  

pigment specimens are contained i n  Table 2. The ma jo r i ty  of 

mater ia ls  w e r e  s tud ied  as powder compacts and no binder  was 

used. This  method of mounting avoids b inder  e f f e c t s  which can 

o f t e n  have a major in f luence  on t h e  observed degradat ion.  

Potassium si l icate-bonded coa t ings  with four  d i f f e r e n t  

z i n c  oxide pigments, which had been prepared over a year  ago 

and stored under normal labora tory  cond i t ions ,  w e r e  irradiated 

i n  test  V65 as specimens 7170 and 7173. 

degrada t ion  r e s i s t a n c e  of t hese  coa t ings  i s  n o t  impared by 

The d a t a  show t h a t  the 

3 
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Tab le  1 

S o l a r  Absorp tance  
u1 u 2  u Au Exposure  

ESH - - __ - 
S o l a r  
F a c t o r  

0 
1 0  

0 
1 0  

0 
1 0  

0 
1 0  

0 
1 0  

0 
10 

0 
1 0  

0 
1 0  

0 
1 0  

0 
1 0  

0 
10  

0 
10 

0 
10 

0 
10 

0 
10 

0 
1 0  

0 
10 

0 
10 

0 
1 0  

0 
10 

0 
10 

0 
10 

0 
10 

0 
10 

0 
10 

0 
10 

Test Specimen 

V64 7151 

7158 

7164 

7169 

V65 7170 

7171 

7172 

7173 

7174 

7175 

7176 

V67 7177 

7178 

7179 

7180 

7181 

V 69 7182 

7183 

7184 

71P5 

7166 

V70 7LUl 

7166 

7185 

7190 

7 1 9 1  

B i n d r r  

None 

Piqment 

CaO 

Remarks 

Unca lc ined  0 .024 .075 .099 
2367 .272 -136  .408 +.305 

0 .051 -031  .082 
2367 .248 -079 .327 +.245 

0 .019 .073 -092  
2367 .227 .OS6 -323  +.231 

0 -136  . l o 6  .242 
2367 .148 .110 -258  +.016 

0 .097 -049  .146 
2150 .098 .045 .143 - . 003  

0 . l o 6  -070  .176 
2150 .111 -064 -180  +.004 

0 -150  .090 -240  
2150 -101 .091 .252 +.012 

0 .083 .069 .152 
2150 . O B 8  .048 .136 -.016 

0 -175  -234  .409 
2150 .158 .237 .395 -.014 

0 -163  .192 -355  
2150 -181 .205 -385  +.030 

2150 . i 4 8  .112 .260 +.ooe 
0 .141 .111 .252 

0 .084 .037 .121 
1760 .092 .042 .134 +.[)I3 

0 .071  -042  -113  
1760 . l o 4  -045  .145 +.036 

0 .091 -017 .lo8 
1760 .OS4 .024 .118 +.010 

0 .090 -036  .128 
1760 .094 -041  .134 +.004 

0 .087 .043 .130 
1760 .093 .042 -135  +.005 

0 -144  -140  .284 
200 .203 -147  .350 +.066 

0 .038 .041 .071 
200 .189 -060 .249 +.178 

0 .176 .183 .359 
200 .196 .189 -385 +.026 

0 .019 .080 -099 
200 . 3 4 0  .156 -496  +.397 

0 .021 -091 - 1 1 2  
200 -421  .222 .643 + .531  

0 -097  -043  .140 
300 .203 .152 -353  + .213  

0 .lo2 .052 .154 
300 -246  -213  -454 + . 3 0 5  

0 .159 .191 .3CO 
300 -437 .442 .679 +.489 

0 .051 .018 .069 
300 -130  .033 .164 +.095 

0 .OF38 -066  .154 
300 .133 .064 .197 +.043 

=O2 None C a l c i n e d  2000°F 

CaO None C a l c i n e d  2000°F 

Borosil icate 
glass 

P57(PBR 4.3) 

P o r c e l a i n  enamel 
on aluminum 

ZnO 
(55LO) 

ZnO 
(XX254) 

zno 
(EP-730) 

ZnO 
(SP500) 

PS7(PBR 4.3) 

PS7(PBR 4.3) 

PS7(PBR 4.3) z 9  3 

B o r o s i l i c a t e  
g l a s s  

Borosi l  i c a t r  
g l a s s  

B o r o s i l i c a t e  
g l a s s  

None 

P o r c e l a i n  enamel 
on i r o n  

P o r c e l a i n  enamel 
on i r o n  

P o r c e l a i n  enamel 
on i r o n  

U ndope d 

sb203 

Z r G 2  Nonc F l o u r e s c r n t  
grad* 

SP500 1.5 9 ZnO None 

.01% Li-Doped ZnO None 

.l% Li-Doped Zncj None 

None Fused g r a i n  

Nonc Fused g r a i n  

Fused g r a i n  Z r 0 2  None 

C a l c i n e d  1650'F A1203 None 

C a l c i n e d  1100°F , b . l  0 2 3  Non; 

2 SnG None Unca 1 c i n r d  

Cdlclnt-d 1100' F None 

s i n q l c  c r y s t a l  
pGhdt f 

Calc in2d  1500°F 

MOO3 None 

Ta2U5 None 

Fused g r a i n  A1 ti. 2 3  None 

I I T R I  4 ~ 6 0 0 2 -  3 1 4 
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s to rage ,  O f  t h e  four  coa t ings ,  t h e  s t anda rd  293 w a s  a f f e c t e d  

least  by u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum, The e f f e c t  of t h e  

b inder  may be seen when specimen 7173 (where SP500 z inc  oxide i s  

used wi th  PS7 potassium s i l icate  binder)  i s  compared with speci- 

men 7179 (where SP500 i s  b inde r l e s s  i n  a p o w d e r  compact) 

(The e f f e c t  of d i f f e r e n t  g r a i n  s i z e  can be ignored s i n c e  

comparison with previous tests shows t h a t  it has  l i t t l e  e f f e c t ) ,  

The pigment a lone has  a lower i n i t i a l  s o l a r  absorptance,  a ,  b u t  

a l so  experiences g r e a t e r  degradat ion,  4 cx The negat ive  Aa f o r  

t h e  p a i n t  (293) i s  a t t r i b u t e d  t o  t h e  r e f l e c t a n c e  i n c r e a s e  i n  

t h e  a*-region as a r e s u l t  of loss of w a t e r  by t h e  s i l i ca te  veh ic l e  

( r e f ,  1) 

The e f f e c t  of b inde r ,  which i n  t h i s  case i s  a b o r o s i l i c a t e  

g l a s s  m a t r i x ,  i s  g r e a t l y  emphasized by t h e  ultraviolet/vacuum 

i r r a d i a t i o n  of p o r c e l a i n  enamel specimens, 7169, 7174 ,  7175, 

and 7176, 

enamel i s  much less than of t h e  pigment a lone  o r  i n  a s i l i c a t e  

b inde r ,  Even an e a s i l y  degradable pigment such a s  antimony 

oxide becomes moderately s t a b l e  when incorpora ted  i n  t h e  enamel: 

These specimens w e r e  c u t  from standard commercial t es t  pane ls  

which w e r e  coated with enamel f o r  minimum acceptab le  opac i ty ,  

W e  b e l i e v e  t h a t  s p c i m e n s  could be prepared which would show a 

much h igher  r e f l e c t a n c e  by applying t h i c k e r  coa t ings  possessing 

greater amounts of pigment o p a c i f i e r s ,  

I n  every  caseg t h e  degradat ion of t h e  pigment i n  t h e  

6 
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Experiments on h e a t  t reatment  of pigments sugges t  t h a t  

c a l c i n a t i o n  has  a b e n e f i c i a l  e f f e c t  on dielectric pigments 

such a s  l i m e  (specimens 7151 and 7164) and alumina (specimens 

7185 and 7186); however, a d e l e t e r i o u s  e f f e c t  w a s  noted f o r  

s t a n n i c  oxide,  a semiconductor pigment (specimens 7187 and 7188) ,  

I f  it i s  t r u e  t h a t  degradat ion is due t o  sur face  states and 

t h a t  lowering t h e  su r face  area (and hence t h e  s u r f a c e  energy) 

of a pigment improves r e s i s t a n c e  t o  degradat ion,  then  t h e  behav- 

i o r  of s t a n n i c  oxide i s  i r r e g u l a r ,  s i n c e  h e a t  t rea tment  i s  

known t o  l o w e r  i t s  su r face  a rea .  However, it a lso  may have 

changed i t s  s toichiometry.  C o x  (ref.  2) has  r e c e n t l y  s tud ied  

t h e  effect  on s t a b i l i t y  of p a r t i c l e  s i z e  and concluded t h a t  

l a r g e r  particles e x h i b i t  less degradation a t  equal  volume con- 

c e n t r a t i o n s .  O f  course t h i s  may be due n o t  only t o  t h e  lower 

su r face  energy ,  b u t  a l s o  t o  t h e  s i g n i f i c a n t l y  lessened u l t r a -  

v i o l e t  pa th length  (random) exhib i ted  by p a i n t s  with l a r g e  com- 

pared t o  s m a l l  p igment-par t ic le  s i z e  d i s t r i b u t i o n s ,  

Fused g r a i n  has  t h e  lowest su r face  a rea  of any ca l c ined  

powder of equ iva len t  g r a i n  s i z e  and would be expected t o  have 

good degrada t ion  r e s i s t a n c e .  Four specimens, 7182 ,  7183, 7184 

and 7191 of fused g r a i n  of var ious compositions w e r e  i r r a d i a t e d  

and t h e  former expec ta t ion  w a s  n o t  borne ou t ,  The fused g ra in  

w a s  n o t  supe r io r  t o  calcined materials of t h e  s a m e  composi- 

t i o n  i n  t e r m s  of degradat ion r e s i s t a n c e .  However, t h e  f a c t o r  

of p u r i t y  may be involved: t h e  fused g r a i n s  a r e  of only 

I I T  R E S E A R C H  I N S T I T U T E  
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nominal p u r i t y  (about 98%) w h i l e  m o s t  of t h e  ca l c ined  materials 

t e s t e d  w e r e  quite pure (greater than 99,9%), 

An at tempt  w a s  made t o  obtain samples of very pure (less 

than 100 p p m  t o t a l  impur i t i e s )  white materials f o r  t e s t i n g ,  

Prof., Ivan Cu t l e r  of t h e  Universi ty  of Utah generously donated 

some samples, b u t  t h e s e  w e r e  too  s m a l l  t o  test ,  Samples ordered 

t h r e e  months ago from a commercial source (Cominco) t o  be made 

from zone-refined m e t a l s  have not  a r r i v e d ,  

As mentioned i n  t h e  previous Triannual  Report ,  IITRI-C6014- 

26, it i s  known t h a t  t h e  Fermi l e v e l  of z i n c  oxide can be lowered 

by s u b s t i t u t i o n a l  doping with l i th ium,  I t  has  been suggested 

t h a t ,  while  the  o v e r a l l  r e f l e c t a n c e  might be lowered s l i g h t l y  

by doping, subsequent u l t rav io le t - induced  degradat ion might 

be reduced o r  e l imina ted ,  To  test t h i s  hypothes is ,  samples of 

z i n c  oxide wi th  two l e v e l s  of l i t h ium doping w e r e  obtained f r o m  

t h e  N e w  J e r s e y  Zinc Company and eva lua ted  (specimens 7177,  7179, 

and 71801, A s  hoped fo r ,  t h e  o v e r a l l  r e f l e c t a n c e  w a s  lowered 

only  s l i g h t l y  while  t h e  s t a b i l i t y  of t h e  z i n c  oxide was improved, 

Molybdic oxide (specimen 7189) w a s  selected €or  t ,es t ing 

on t h e  b a s i s  of i t s  band gap, i t s  posi t ion i n  t h e  Periodic 

T a b l e ,  and i t s  atomic s t r u c t u r e ,  I t  proved t o  be extremely 

uns t ab le  and high vacuum a lone  w a s  s u f f i c i e n t  t o  cause a marked 

decrease i n  i t s  r e f l e c t a n c e ,  

I l l  R E S E A R C H  I N S T I T U T E  
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C. Discussion 

The r e s u l t s  of t h e s e  tests a re  s t r o n g l y  sugges t ive  of t h e  

cons iderable  in f luence  of sur face  cond i t ions  on degradat ion 

r e s i s t a n c e  of pigment powders. 

and composition are also opera t iona l ,  Many of t h e  r e s u l t s  

cannot be explained a t  t h i s  t i m e  and it i s  hoped t h a t  work 

w i l l  e l u c i d a t e  t h e  f a c t o r s  involved, 

Other factors such as p u r i t y  

Experimental and t h e o r e t i c a l  cons ide ra t ions  i n d i c a t e  t h a t  

t h e  u l t r a v i o l e t  degradat ion of oxide pigments i s  caused, par t ia l ly  

or t o t a l l y ,  by oxygen-vacancy and i n t e r s t i t i a l  c a t i o n  states 

which form donor l e v e l s  wi th in  t h e  v i s i b l e  spectrum, the oxygen 

vacancies  probably be ing  more de t r imen ta l  (E = 0,8 e V )  than 

t h e  i n t e r s t i t i a l  m e t a l  i o n s  (E = 0,05 e V ) ,  Since t h e  e x t e n t  

of degradat ion s e e m s  t o  be inve r se ly  p ropor t iona l  t o  t h e  g r a i n  

s i z e  of t h e  pigment-crystals  and a l s o  t o  the oxygen par t ia l  

p re s su re ,  independent ly ,  t h e  oxygen vacancies  s e e m  t o  be 

located o r i g i n a l l y  a t  t h e  surface of t h e  c r y s t a l l i t e s  -- t h e  

depth of t h e  degraded zone depending upon t h e  d i f f u s i o n  of t h e  

vacancies  i n t o  t h e  bulk  of t h e  c r y s t a l ,  Th i s ,  t hen ,  s e e m s  t o  

suppor t  t h e  hypothes is  according t o  which: 

a H o l e s  are generated by u l t r a v i o l e t - r a d i a t i o n  ( toge ther  

wi th  f r e e - e l e c t r o n s ,  of course) 

b, The ho le s  move t o  t h e  su r face  of t h e  c r y s t a l l i t e s ,  

attracted by t h e  nega t ive  sur face  charge (Fe rmi  l e v e l  i n  n-type 

conductors  l ike  ZnO, which i s  probably above t h e  su r face - s t a t e  

l l T  R E S E A R C H  I N S T I T U T E  
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l e v e l s )  

c. A t  the su r face ,  the holes  p a r t i a l l y  n e u t r a l i z e  the 

chemically absorbed oxygen ( O - G O - ) ,  r e l e a s i n g  oxygen from the 

sur face .  

d. The so-created oxygen vacancies d i f f u s e  i n t o  the 

c r y s t a l l i t e s ,  i n  which e l e c t r o n s  become trapped caus ing  o p t i c a l  

absorpt  ion 

The reade r  is r e f e r r e d  t o  two I I T R I  r e p o r t s  f o r  more d e t a i l e d  

d i scuss ions  of the pigment-photolysis problem ( r e f .  3 and 4 ) ,  

On the b a s i s  of t h i s  hypothes is ,  the fo l lowing  suggest ions 

a r e  made t o  help reduce degradation e f f e c t s :  

a. U s e  of n-type conductors,  

b. Grain s i z e  a s  l a r g e  a s  permissable and s t i l l  maintain 

h igh  r e f l e c t a n c e .  

c. U s e  of fused or semifused  c r y s t a l l i t e s  or a mixture of 

semifused and-  ca lc ined  ma te r i a l .  

For i n s t a n c e ,  by t r e a t i n g  t h e  pigment-powder w i t h  an ox id iz ing  

t o r c h  and applying a very high temperature over an extremely shor t  

t i m e ,  it should be p o s s i b l e  t o  obta in  c r y s t a l l i t e s  w i t h  a fused 

su r face .  

" ca l c ined  su r faces i i .  This means much less chemically absorbed 

oxygen which, i n  t u r n ,  reduces the p o s s i b i l i t y  f o r  su r face  

oxygen-vacancy generat ion.  S i n c e  the d e n s i t y  of the fused 

m a t e r i a l  probably i s  h igher  than t h a t  of the nonfused m a t e r i a l ,  

t h i s  would a l s o  incorporate  a higher  r e f l e c t a n c e  ( inc rease  of 

r e f r a c t i v e  index) .  

The advantage is less su r face  state/cm' compared t o  

I l l  R E S E A R C H  I N S T I T U T E  

10 IITRI-U6002-31 



I 

D. Future  Work 

Some of t h e  suggest ions ou t l ined  i n  t h e  Discussion have 

a l r eady  been  p a r t i a l l y  carried ou t  and w e r e  d i scussed  i n  t h e  

foregoing pages. 

of t h e  theory  t h a t  surface s t a t e s  are r e spons ib l e  f o r  degrada- 

t i o n .  A series of experiments have been planned on t h i s  

basis using high su r face  a rea  alumina and z i r c o n i a  a s  t h e  

s t a r t i n g  materials and g radua l ly  reducing i t s  su r face  a r e a ,  

and thereby su r face  energy, by c a l c i n a t i o n  a t  i n c r e a s i n g l y  

h igher  temperatures  u n t i l  i n c i p i e n t  fu s ion  occurrs .  

series of data w i l l  be obtained which should c l e a r l y  show t h e  

in f luence  of su r face  area on degradat ion r e s i s t a n c e .  

The r e s u l t s  have been a t e n t a t i v e  confirmation 

Thus, a 

Screening tests w i l l  be continued on white materials which 

might be s u i t a b l e  pigments f o r  coa t ings  on t h e  basis of t h e i r  

absorptance and index of r e f r a c t i o n .  

I l l  R E S E A R C H  I N S T I T U T E  
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111. METHYL SILICONE PAINTS AND MISCELLANEOUS SPECIMENS 

A. Space-Simulation T e s t  V-65 

S i x  s i l i c o n e  pa in t s  w e r e  evaluated i n  tes t  V-65, The 

r e s u l t s  of t h i s  space-simulation test are presented i n  Table 3, 

Specimen 5154 w a s  prepared i n  order  t o  e v a l u a t e  Dow Corning 's  

Q-93-024 p r o p r i e t a r y  RTV methyl s i l i c o n e  polymer, The A a  of 

0.045 a f t e r  2150 ESH exposure i n d i c a t e s  t h a t  t h e  893-024 i s  

no t  as  stable a s  t h e  S-13 formulations based on RTV-602 which 

w e r e  i r r a d i a t e d  i n  t h e  same test. The S-13 specimens, which 

w e r e  prepared i n  conjunct ion with another  program,* underwent 

solar absorptance i n c r e a s e s  of 0.024 t o  0.035 i n  t h i s  space- 

s imula t ion  test .  The s-13 specimens w e r e  prepared a t  t h e  s tan-  

dard  c a t a l y s t  concent ra t ion  of 0.76% based on RTV-602; specimens 

i r r a d i a t e d  a t  a lower c a t a l y s t  concent ra t ion ,  e .g , ,  0,4% of 

r e s i n  weight,  u s u a l l y  degrade only 0.02 i n  about 2000 ESH, 

The ruti le-pigmented RTV-602 p a i n t  underwent an increase 

i n  solar absorptance of about 0.05 (compared t o  a d a  of 0.025 

when dispersed i n  Owens-Illinois Type 650 G l a s s  Res in ) ,  The 

r u t i l e  i s  Cabot's Flame-Process t i t a n i a  and it i s  t h e  m o s t  

s table t i t an ium dioxide  which w e  have examined, These r u t i l e  

p a i n t s  e x h i b i t  about t w i c e  t h e  damage exh ib i t ed  by SP500 p a i n t s  

prepared from t h e  s a m e  polymers. 

* 
Cont rac t  NAS8-11133, George C. Marshal l  Space F l i g h t  Center 
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Because of t h e  f i n e  p a r t i c l e  s i z e  of t h e  low-defect alumina 

obtained from M r ,  W i l l i a m  Campbell of Lexington Laboratories, I n c , ,  

t h i s  material w a s  prepared as  a m u l l  i n  Owens-Illinois Type 650 

G l a s s  Resin,  Alucer MC a-alumina w a s  used t o  prepare a n  other-  

w i s e  i d e n t i c a l  p a i n t  f o r  comparison purposes, The low-defect 

alumina su f fe red  severe  damage ( A a  = 0,21) compared t o  t h e  

damage exh ib i t ed  by t h e  a-alumina (5157) obtained f r o m  Gulton 

I n d u s t r i e s .  The later coa t ing  underwent an i n c r e a s e  i n  solar 

absorptance of only 0,03, which i s  i n  complete disagreement 

with previous r e s u l t s  on a-alumina coa t ings  ( ref ,  3 )  

The z i r con ia  c o n t r o l  specimen exh ib i t ed  a solar absorptance 

i n c r e a s e  of 0.095, 

exposures of approximately 2000 ESH, i n d i c a t i n g  a v a l i d  test  i n  

t e r m s  of average u l t r a v i o l e t  i n t e n s i t y ,  

This  amount of damage i s  c o n s i s t e n t  with 

B o  Space-Simulation T e s t  Q-1.6 

T e s t  Q-16  w a s  performed i n  t h e  Quad-Ion tes t  f a c i l i t y ,  The 

nominal u l t r a v i o l e t  i n t e n s i t y  w a s  5 suns and t h e  t o t a l  exposure 

w a s  c a l c u l a t e d  t o  be 1700 ESH. The r e s u l t s  of t h i s  t e s t  are 

presented  i n  Table 4 ,  

Specimen 5191 w a s  prepared i n  order t o  check t h e  e x c e l l e n t  

s t a b i l i t y  of t h e  Alucer MC a-alumina p a i n t  observed i n  tes t  V65, 

The da of 0-06 made it mandatory t h a t  a d d i t i o n a l  specimens be 

prepared  and exposed t o  u l t r a v i o l e t  r a d i a t i o n  i n  vacuum, Speci- 

mens have been included i n  a space-simulation t es t  c u r r e n t l y  

i n  progress, 
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The possible in f luence  of f i lms  of moisture on t h e  s tabi l -  

i t y  of non-metallic thermal-control coa t ings  has  been r a i s e d  

on numerous occasions.  Of p a r t i c u l a r  concern has been t h e  

p o s s i b i l i t y  of enhancement of pho to lys i s  by moisture accumulated 

prior t o  or during launch opera t ions .  

specimens of S-13 under both  anhydrous and m o i s t  condi t ions.  

W e  accordingly prepared 

The IIdry" S-13 w a s  prepared by f i r s t  hea t ing  uncatalyzed 

RTV-602 t o  250°F for 1 hour. To t h e  h o t  RTV-602 w a s  blended 

an appropr i a t e  q u a n t i t y  of moderately h o t  SP500 ZnO which had 

been hea ted  t o  500°F for 1 hour. The m i x t u r e  was added t o  a 

8'dry" b a l l - m i l l )  when s u f f i c i e n t l y  cooled, it w a s  m i l l e d  f o r  

3 hours. Specimens w e r e  prepared i n  a d ry  atmosphere. The 

samples w e r e  maintained i n  a d e s s i c a t o r  u n t i l  t h e i r  r e f l e c t a n c e s  

w e r e  measured ( j u s t  prior t o  i n s e r t i o n  i n  t h e  space-simulation 

chamber). 

The " w e t "  specimen w a s  prepared by mix ing  t h e  basic S-13 

pigment-polymer s l u r r y  wi th  1% water by weight p r i o r  t o  gr inding.  

The r e s u l t a n t  p a i n t  w a s  t h i x o t r o p i c  afid r equ i r ed  n e a r l y  24 h r s  

t o  c u r e  tack f r e e .  

The t w o  specimens, one prepared " w e t "  (5193) and t h e  o the r  

prepared under anhydrous condi t ions  (5192) , w e r e  i r r a d i a t e d  i n  

test  4-16. Both specimens exhib i ted  e x c e l l e n t  s t a b i l i t y .  The 

Bar of specimen 5192 was 0.010; t h e A a  of specimen 5193 w a s  

0.013. The s l i g h t  d i f f e r e n c e  between t h e  t w o  specimens, though 

favor ing  t h e  sample prepared under anhydrous cond i t ions ,  t ends  

t o  i n d i c a t e  t h a t  any moisture  present  on i n s e r t i o n  i n t o  t h e  

16 
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simulat ion chamber has  l i t t l e  e f f e c t  on t h e  s t a b i l i t y  of S-13. 

The moisture appears t o  have caused a higher i n i t i a l  re- 

Specimen 5193 w a s  prepared a t  a th ickness  f l e c t a n c e  of S-13. 

of 10 m i l s  and possessed an i n i t i a l  s o l a r  absorptance of 0.174; 

t he  s o l a r  absorptance of specimen 5192, prepared a t  only 5 m i l s ,  

was 0.152. The most i n t e r e s t i n g  a spec t  of t h i s  test  i s  t h e  

except iona l ly  low s o l a r  absorptance exh ib i t ed  by t h e  5-mil 

specimen of S-13 prepared under anhydrous condi t ion.  Addit ional  

experiments w i l l  be performed t o  determine t h e  s ign i f i cance  of 

t h i s  observat ion.  

A r e c e n t  l o t  of Owens- I l l ino is  Type 650 methyl s i l i c o n e  

r e s i n  w a s  B-staged according t o  procedures suggested by Owens -  

I l l i n o i s  Corporation. 

t o  150°F and cooling t h e  r e s u l t a n t  m a t e r i a l  by pouring it i n t o  

an aluminum-foil t r a y .  The m e l t  i s  allowed t o  cool;  it is  

subsequently crushed and re-dissolved i n  e thanol .  An SP500 

z inc  oxide-paint was prepared from t h e  B-staged m a t e r i a l  a t  

30% PVC, When cured by hea t ing  a t  150°F fo r  s eve ra l  hours ,  

specimens of t he  B-staged p a i n t  exh ib i t ed  hard,  semi-glossy 

su r faces .  Their s t a b i l i t y  was again except ional  w i t h  Aa's of 

0.001 and 0.003 f o r  two samples (5194 and 5195). The B-staged 

p a i n t  appears  t o  be as s t a b l e  a s  p a i n t s  prepared from t h e  A-staged 

( s tock )  polymer . 

This involves slowly hea t ing  t h e  r e s i n  

17 
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Specimen 5198 was a sample of the Boeing Company's barrier-  

layer anodize coating. I t  exhibited greater s t ab i l i t y  ( A a  = 0.04) 

than anticipated and possessed an i n i t i a l  solar absorptance of 

0.22. 

The A a ' s  of 0.08 for the two zirconias a re  indicative of 

a sat isfactory and valid space simulation test; the  exposure 

was determined t o  be 1700 ESH. 

I l l  R E S E A R C H  I N S T I T U T E  
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I V .  METHYL SILICONE PHOTOLYSIS 

A. In t roduc t ion  

The u l t ima te  ob jec t ive  of t h i s  p o r t i o n  of t h e  program is 

t h e  s y n t h e s i s  of s i l i c o n e  polymers t h a t  a r e  t o t a l l y  r e s i s t a n t  

t o  s o l a r  r a d i a t i o n .  The immediate o b j e c t i v e s  a r e  (1) t o  de te r -  

mine the inherent  s t a b i l i t y  of the  bas i c  s i l i c o n e  s t r u c t u r e ,  

( 2 )  t o  determine t h e  mechanism of u l t r av io l e t -deg rada t ion  pro- 

cesses, ( 3 )  t o  a s ses s  the inf luence of va r ious  side-chain or 

s u b s t i t u e n t  groups, and ( 4 )  t o  a s ses s  t h e  inf luence  of contam- 

i n a t i o n  on t h e  p h o t o l y t i c  processes  and t o  i d e n t i f y  those con- 

taminants which promote or otherwise a f f e c t  polymer degradation. 

U l t r a v i o l e t  photolyses  of t h e  s i l i c o n e  polymers a r e  being 

followed by (1) u l t r a v i o l e t  ( d i f f e r e n t i a l )  absorp t ion  spectros-  

copy, ( 2 )  mass spectrometry and ( 3 )  electron-spin-resonance 

spectroscopy. 

Twelve polymer s p e c i m e n s  have been i r r a d i a t e d  with u l t r a -  

v i o l e t  i n  vacuum s i n c e  t h e  incept ion of t h i s  phase of t h e  p r o j e c t .  

The p e r t i n e n t  information concerning these  experiments is 

t a b u l a t e d  i n  Table 5. 

The mass spec t r a  d a t a  f o r  tests LP1, LP2 and SP-1 and t h e  

e l e c t r o n  s p i n  resonance spec t ra  f o r  SP-1 w e r e  p resented  i n  t h e  

l a s t  Triannual  Report ,  IITRI-C6014-26. Mass spec t r a  determinat ions 

w e r e  made on a l l  tests except SP-lB, which was an e l e c t r o n  sp in  

resonance (ESR) check on t e s t  SP-1. 

The mass spec t r a  d a t a  f o r  SP-4, SP-5 and SP-6 have been 

I I T  R E S E A R C H  I N S T I T U T E  
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normalized and t a b u l a t e d ,  but  have not  been analyzed. These 

d a t a  w i l l k e  presented i n  t h e  n e x t  Triannual Report. Of major 

s ign i f i cance  is  the l ack  of observed ESR spec t r a  f o r  t h e s e  

specimens, a r e s u l t  which w i l l  be discussed  i n  a l a t e r  s e c t i o n .  

B. Mass Spectrometry of Photolyzed Polymer 

The mass spec t r a  d a t a ,  normalized t o  the n i t rogen  peak 

( 2 8  m / e ) ,  a r e  presented f o r  specimens LP-4, SP-2, SP-3 and SP-4 

i n  Tables 6 through 9 ,  r e spec t ive ly .  

The mass spec t r a  d a t a  f o r  LP-4 a r e  presented i n  Table 6. 

An increase  i n  hydrogen was observed a f t e r  completion of u l t r a -  

v i o l e t  i r r a d i a t i o n  when the gas from t h e  warm polymer was b led  

i n t o  the mass spectrometer.  (The appara tus  is  descr ibed i n  t h e  

l a s t  Triannual Report ,  IITRI-C6014-26). The hydrogen content  

decreased from a r e l a t i v e  peak he ight  of 140 p r i o r  t o  i r r a d i a -  

t i o n  t o  approximately 50 during i r r a d i a t i o n :  t h e  peak h e i g h t  

increased when t h e  AH-6 lamp was turned o f f ,  however. The 

methane conten t  (14 ,  15 and 16 m / e )  decreased during r a d i a t i o n  

w i t h  no subsequent change a f t e r  i r r a d i a t i o n .  The water conten t  

(18 m / e )  decreased dur ing  t h e  i r r a d i a t i o n .  

The Owens-Il l inois Type 650 methyl s i l i c o n e  r e s i n  was 

i r r a d i a t e d  i n  test SP-2 and the  d a t a  is  presented  i n  Table 7. 

An i nc rease  i n  the hydrogen peak was observed a s  a r e s u l t  of 

i r r a d i a t i o n  of the LN2-coo1ed polymer. 

noted i n  t h e  hydrogen peak when t h e  i r r a d i a t e d  polymer was 

warmed a f t e r  t h e  u l t r a v i o l e t  source was turned o f f .  Of g r e a t e s t  

L i t t l e  d i f f e r e n c e  was 

I l T  R E S E A R C H  I N S T I T U T E  
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Table 6 

SUMMARY DATA O F  TEST LP-4 (RTV-602 UNCATALYZED) 

Probable Warm Polymer Polymer Polymer under Polymer under Polymer under Warm Polymer 
LN7 only Gas Bleed m/e Gas S w c i e s  Background under LN2 U V  + L N 7  uv + LN? 

2 H+ 140 49 50 45.5 114 366 

12 c+ 6 4.6 4.6 3.6 1.4 1.7 

13  CH+ 0.6 0.5 0.3 Trace 0.3 Trace 

6 8.9 8.9 9.1 8.5 9.4 14 CHZ ,N 

15 CH3+ 5 3.3 2.4 1.6 3.8 3.1 

+ +  

16 CH4+? 0' 10.6 6.8 5.5 4.6 0.5 4.7 

17 OH+,CH5+ 22 8.6 5.6 4.6 3.1 3.1 

18 H20+ 109 26.4 16.1 13.5 10 11.3 

+ 25 C2H Trace Trace Trace Trace 

26 C2H2 1.1 0.9 0.7 0.5 0.4 0.6 

1.9 1.1 1.1 0.7 0.7 1.2 27 C2H3 

28 C2H4 ,CO+,NZ 

+ 
+ 
+ + 100 100 100 100 100 100 

29 C2H5 2.2 1.4 1.1 + 

0.6 Trace 0.3 + 50 C2H6 

1.2 

0.2 

1.3 2 .2  

0.2 Trace 

1.8 1.7 1.6 1.8 0.5 TrdCe  
+ 32 O2 

39 C3H3 0.2 0.2 Trace Trace Trace Tract  + 

40 C20+,k+ 0.2 0.2 0.5 0.5 0.9 0.9 

44 co2 4.3 4.3 4.8 4.6 1.7 1.3 + 

IITRI-U6002-31 22 



Table 7 

I '  
I 
I 

t 

SUMMARY DATA OF TEST SP-2 (OWENS-ILLINOIS TYPE 650 RESIN, HEAT CURED) 

m/e 
2 

12 

13 

14 

15 

16 

17 

18 

25 

26 

27 

26 

29 

30 

31 

32 

36 

39 

40 

41 

Probable 
Gas Species 

H+ 

C+ 

CH+ 

CH2+, N+ 
i 

CH3 
CH4+, O+ 

OH+ , CH5+ 
H20+ 

C 2H+ 

C2H2+ 

C2H5+ 

+ 
'ZH3 

C2H4 ,CO "2 
+ + +  

i 

C2H6 

+ 
c3 

C3H3+ 
C 20+ ,A+ 

w a r m  Polymer 
Backsround 

270 

13 

2.3 

13 

23 

35 

154 

522 

Trace 

3 

8 

100 

8 

13 

19 

1 

Trace 

2.3 

Trace 

3.1 

Warm Polymer 
Background 

140 

2 

0.3 

2.4 

3.4 

5.1 

16 

60 

0.8 

1.8 

100 

2.6 

2.3 

1.1 

0.8 

0.3 

Trace* ** 
Trace 

0.6 

Polymer under 
LN7 only 

32 

9.6 

0.9 

6.8 

5.3 

14 

39 

132 

Trace 

1 

2.5 

100 

2.9 

4.6 

0.5 

2.7 

0.7 

0.4 

R a c e  

0.4 

Polymer under 
LN7 + U V *  

99 

8 

0.7 

64 

4.8 

13.3. 

32.2 

108 

0.2 

1.1 

2.6 

100 

3 

4 

0.5 

2.4 

0.7 

0.7 

0.4 

0.8 

Warm Polymer 
Gas Bleed** 

91 

6.3 

0.7 

7.2 

5.5 

12.6 

38 

126 

0.2 

1.2 

2.2 

100 

3.4 

1.7 

3.4 

3.8 

0.3 

0.3 

0.5 

0.2 

42 1 0.3 0.4 0.6 0.2 

43 7 0.8 1.1 1.3 1 

17 11.4 21.2 25 17 + 44 co2 

45 1 0.6 0.4 0.5 

103 0.8 0.4 1.4 1.4 0.7 

201 0.8 0.4 1.4 1.6 0.5 

LN l e v e l  dropped during irradiation 
Leaked in too fast 
m/e 38.5 value  was 0.6 

**  2 

*** 
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s i g n i f i c a n c e  is  t h e  increase  i n  n i t rogen  and/or methane con- 

c e n t r a t i o n  on i r r a d i a t i o n  a s  evidenced by t h e  ten-fold increase  

i n  m/e 14. The l a r g e  i n i t i a l  background of m/e 18, which 

decreased du r ing  f u r t h e r  pump-down, is  i n d i c a t i v e  of moisture 

i n  the system -- probably from the glass-blowing operat ion 

when the ESR and mass spec t r a  t u b e s  were fused t o  the system, 

The mass peak a t  201 is  a t t r i b u t e d  t o  s l igh t  back-diffusion 

of mercury from the mercury d i f f u s i o n  pump. 

S o l i d  RTV-602 (ca ta lyzed  a t  0.4% w i t h  SRC-05) was i r r ad -  

i a t e d  i n  test SP-3; t h e  r e s u l t s  a r e  presented i n  Table 8. The 

hydrogen peak not  only increased when the LN2-coo1ed polymer was 

i r r a d i a t e d  but  increased s t i l l  f u r t h e r  when t h e  polymer was 

warmed and the gases  bled t o  the spectrometer.  Methane peaks 

(12, 14, 15, 16 and 17 m / e )  increased on i r r a d i a t i o n  and peaks 

a t  14, 15 and 17 increased s t i l l  f u t h e r  when the gases  trapped 

i n  the polymer w e r e  b led t o  the  spectrometer.  Water (18 m / e )  

appears  t o  have been t rapped i n  t h e  i r r a d i a t e d ,  f rozen polymer. 

An i n t e r e s t i n g  observat ion i s  the increase  i n  t h e  m/e 29 peak, 

which could have been C2H5 , when t h e  i r r a d i a t e d  polymer i s  

warmed. 

the polymer was warmed. 

+ 
+ Simi la r ly ,  the m/e 39 peak (C3H3 ) increased when 

The Owens-Il l inois Type 650 r e s i n  was i r r a d i a t e d  a second 

t i m e  i n  tes t  SP-4; t h e  da t a  a re  presented i n  Table 9. Although 

the hydrogen peak decreased on i r r a d i a t i o n  , considerable  

hydrogen was t rapped i n  t h e  frozen polymer. L i t t l e  increase  

i n  m/e 12 through 16 was observed. The peak co r re spond ing to  m/e 

I l l  R E S E A R C H  I N S T I T U T E  
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Table 8 

SUMMARY DATA OF TEST SP-3 (RTV-602/0.4% SRCO5) - 
Probable Clean/Dry Warm Polymer Polymer under Polymer under Warm Polymer 

rr& Gas Species Empty Backqround LN3 only LN3 + uv Gas Bleed 

2 H+ 256 370 140 382 470 

12 c+ 28 5.8 5 10 0.3 

13 CH+ 2.3* 1.8 2.5 4.2 4.7 

15 CH3 18.6 23.6 25 35 59.3 

14 CH~+,N+ 28 9.7 7.5 12.5 1419 
+ 

22 18 28 35 14.4 
+ +  16 CH4 ,O 

17 OH+,CH5+ 49 43 14 10 25 

18 H20+ 160 182 46 27.6 84 

25 C2H+ Trace 0.4 Trace 0.8 3 

26 C2H2+ 1.2 3.3 3 5 11 

3 10.8 8 11.6 10 

100 100 100 100 100 

54 

+ 27 C2H3 

28 C2H4 ,CO ,N2 
+ 

29 C2H5 3.5 5.1 3.5 4.2 

+ + +  

+ 
30 C2H6 25.6 12.2 5.0 4.2 5.8 

31 

32 

36 C3+ 

39 C3H3 

40 C30+,A+ 

41 

42 

+ 

43 

+ 44 co2 

45 

103 

201 

0.2 

2.1 

0.5 

0.5 

0.2 

0.7 

0.7 

3.7 

41.8 

0.7 

2.1 

2.3 

0.8 

0.4 

Trace 

1.7 

1.1 

2.5 

3.2 

6.2 

16.7 

2.1 

0.4 

0.4 

Trace 

1 

Trace 

1 

2.5 

2.5 

4 

3 

17.5 

1.5 

1.5 

1.5 

Trace 

2.1 

TY ace 

0.6 

1.7 

2.5 

2.5 

2.5 

10.8 

1.7 

0.8 

0.8 

1 

1.2 

1 

3.9 

1.9 

1.9 

3.1 

36 

8.1 

0.8 

0.8 

0.3 

* 
m/e = 1.5 with value of 0.1 
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Table 9 

SUMMARY DATA OF TEST SP-4 (OWENS-ILLINOIS TYPE 650 RESIN, HEAT CURED) 

m/F; 
2 

12 

13 

14 

15 

16 

17 

18 

25 

26 

27 

28 

29 

30 

31 

32 

36 

39 

40 

41 

42 

43 

44 

45 

55.5 

83 

201 

E r  obahle 
Gas Species 

H+ 

C+ 

CHt 

CH2+ ,N+ 

CH3+ 

CH2+,0+ 

OH+, CH5+ 

H20+ 

C2H+ 

C2H2+ 

C2H3+ 

C2H5+ 

+ + +  
C2H4 ,CO "2 

+ 
C2H6 

+ 

+ 
c3 

C3H3 
C 30f ,A+ 

+ 
2 Cil 

Warm Polymer 
Background 

2110 

$0.8 

6* 

23 

53 

44.5 

32.8 

97.5 

12 

72 

16.9 

100 

16.4 

4.8 

4.2 

3 

Trace 

3.6 

20 

3 

Trace 

7.2 

1.2 

3.6 

1.8 

Trace 

Polymer under 
LN7 only 

760 

5 

1 

12 

15 

16 

20 

72 

Trace 

4 

8 

100 

5 

2 

1 

3 

1 

2 

1 

3 

1 

4 

14 

1 

1 

Trace 

Trace 

Polymer under 
LN7 + UV 

366 

4.8 

2.6 

8.6 

29 

29.5 

7.1 

23.7 

0.3 

2 

4 

100 

5.7 

1.1 

0.3 

0.9 

0.3 

0.9 

0.3 

1 

0.6 

1.1 

8.6 

0.3 

Trace 

Trace 

Trace 

. .  
P o l p r  under 
LN7 + UV 

248 

13.5 

3.4 

11.1 

20 

27 

25.7 

77 

0.3 

2.7 

4.9 

100 

3.4 

2.7 

0.3 

2.7 

0.9 

1 

0.6 

2 

0.4 

0.4 

24 

1.6 

0.3 

1.9 

0.6 

Warm Polymer 
Gas Bleed 

554 

f3.4 

3.5 

10.2 

26.8 

23.2 

32 

98 

0.4 

1.8 

2.9 

100 

14.7 

2.9 

15.3 

8.9 

Trace 

0.1 

0.3 

0.4 

0.3 

1.4 

13 

1.0 

Trace 

0.4 

rn/e : 13.5 value trace 
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+ + 17 

i r r a d i a t i o n ;  the peak increased s t i l l  f u r t h e r  when t h e  polymer 

was warmed. The peak f o r  m/e 18 behaved s i m i l a r l y  t o  t h a t  

(OH ,CH5 ) increased a f t e r  an i n i t i a l  decrease dur ing  

corresponding t o  m/e 17 ,  Peaks corresponding t o  m/e 29 (C2H5 + ) 
and m/e 31 exh ib i t ed  s i g n i f i c a n t  i nc reases  when the frozen 

polymer was warmed. 

observed 

Traces of mercury contamination w e r e  again 

C. E lec t ron  Spin Resonance Spectra 

Four u l t r a v i o l e t  i r r a d i a t e d  samples were s tud ied  dur ing  

t h e  p a s t  r e sea rch  pe r iod ,  Two of the above samples w e r e  f u r t h e r  

i r r a d i a t e d  wi th  Y-rays and the ESR spec t r a  w e r e  obtained a t  

77OK. The appearance of the spectra  is  given below, 

1. SP-1B (Oxida t ive ly  Crosslinked Polydimethylsiloxane 

The spectrum presented i n  Figure 1 shows one s t r o n g  cen- 

t r a l  l i n e  and two weak s a t e l l i t e  l i n e s ,  The c e n t r a l  Pine i s  

asymmetric and it appears t o  be two l i n e s  superimposed on each 

o ther .  The two weak s a t e l l i t e  l i n e s  a r e  w i d e r  than the c e n t r a l  

l i n e  and may c o n s i s t  of more than two l i n e s .  The g-factor  of 

the c e n t r a l  l i n e  is 2,000, The weak s a t e l l i t e  l i n e s  a r e  not  

completely resolved.  

2. LP-4 (RTV-602) 

The c e n t r a l  l i n e  is  h ighly  asymmetric, The l i n e  width 

measured between p o i n t s  of i n f l e c t i o n  is approximately 4,5 

gauss and it i s  s imi l a r  t o  the  spectrum shown i n  Figure 1, 

There appears t o  l i e  more than one weak l i n e  on each s i d e  of 

the s t r o n g  c e n t r a l  l i n e .  A more complete a n a l y s i s  of t h i s  
i l l  R E S E A R C H  I N S T I T U T E  
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spectrum,shown i n  Figure 2, is  given i n  t h i s  r e p o r t .  

3 .  SP-2 (01 Type 650) 

A f a i r l y  weak ESR spectrum was observed i n  t h i s  sample. 

Three l i n e s  s i m i l a r  t o  spec t r a  #1 and #2 (SP-1B and LP-4) w e r e  

observed. The c e n t r a l  l i n e  is again h i g h l y  asymmetric and t h e  

high f i e l d  s a t e l l i t e  l i n e  i s  unresolved. The spec t r a  is  pre- 

sented i n  Figure 3 .  This spectrum is  seen t o  be d i f f e r e n t  from 

previous spec t r a  because of the absence of the low f i e l d  

s a t e l l i t e  l i n e .  

4.  SP-3 (RTV-602/SRC-05) 

A very weak ESR spectrum, shown i n  Figure 4 ,  was observed 

i n  this sample. Only the c e n t r a l  l i n e  appears d e f i n i t e l y .  The 

s a t e l l i t e  l i n e s  observed i n  the previous samples a r e  not  c l e a r l y  

reso lved .  

5. Analysis  of ESR Spectrum #2 (LP-4) 

Figure 2 i s  a t r a c e  of the ESR spectrum of u l t r a v i o l e t  

i r r a d i a t e d  RTV-602 polydimethylsiloxane taken a t  77OK immediately 

fo l lowing  the i r r a d i a t i o n .  It is noted t h a t  t h i s  spectrum is 

s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  obtained i n  the i n i t i a l  in- 

v e s t i g a t i o n  (see Analysis  I )  w i t h  t he  appearance of a t  l e a s t  

two o t h e r  l i n e s  l abe led  H and Hx on the recorder  t r a c i n g .  

This sugges ts  the presence of three or more paramagnetic 
x1 2 

1 2  species, one a s soc ia t ed  w i t h  the components H H and Ho Y’ Y 
(where H - H = 35 gauss) the second a s soc ia t ed  w i t h  

Y 2  Y l  
H and Hx and the t h i r d  a s soc ia t ed  w i t h  H , H o  and HZ 
x1 2 z1 2 

(unreso lved) .  The l a r g e  asymmetry i n  the c e n t r a l  l i n e  ( l a b e l e d  

I l l  R E S E A R C H  I N S T I T U T E  
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Ho) 
which a r e  s h i f t e d  by some small  amount. I f  the r a d i c a l s  

a s soc ia t ed  w i t h  the y and z species give t r iplet  s p e c t r a  then 

their c e n t r a l  components would be s h i f t e d  from one another  

t o  give the asymmetric l i n e  observed a t  H . Since the c e n t r a l  

component is s t ronge r  than the sum of the outer  components of 

y and z there is most l i k e l y  a t  l e a s t  one s i n g l e t  a t  th i s  f i e l d  

p o s i t  ion . 

is  probably due t o  the superposi t ion of two or  more l i n e s  

0 

7. Gamma I r r a d i a t i o n  of W-I r r ad ia t ed  Samples 

Two samples which had been prev ious ly  i r r a d i a t e d  wi th  

u l t r a v i o l e t  and warmed t o  300°K w e r e  subsequently y - i r r ad ia t ed  

a t  77OK and their  ESR s p e c t r a l  w e r e  obtained. I n  both cases ,  

i n t ense  ESR spec t r a  w e r e  observed a s  compared t o  the spec t r a  

obtained i n  the u l t r a v i o l e t - i r r a d i a t e d  samples. See Figures  

5 and 6. I n  one case ,  a symmetric c e n t r a l  l i n e  (spectrum #5) 

was observed, which appears a s  a n a r r m  l i n e  superimposed on 

a wide l i n e .  

summarized i n  Table 10. 

I n  one of the 

The da ta  of Y-irradiated polymer spec t r a  a r e  

y - i r r a d i a t e d  polymers t h e  ESR spectrum 

due t o  atomic hydrogen was observed. This spectrum appears 

a s  a w e l l  r eso lved  doublet  due t o  the hyper f ine  i n t e r a c t i o n  

of the unpaired e l e c t r o n  with the hydrogen nucleus. The 

l inewid ths  of the hydrogen l i n e s  a r e  approximately 3 gauss. 

The hyper f ine  s p l i t t i n g  ca l cu la t ed  t o  f irst  order is  505 grams. 

This compares very w e l l  t o  t he  hyper f ine  s p l i t t i n g  f o r  free 

atomic hydrogen measured i n  the  gaseous s t a t e .  It i s  ques t ionable  

I l l  R E S E A R C H  I N S T I T U T E  
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Table 10 

ESR SPECTRA O F  )‘-IRRADIATED POLYMERS* 

Specimen #5 

Low F ie ld  High F i e l d  
Component Cent ra l  Line Component 

g-f a c t o r  2.015 2.003 1.991 

& (gauss)  -20.0 0,o +20.2 

AI-( (gauss)  5 3.2 5 

Lineshape Unresolved Symmetric Hsymmetr  ic  

Unresolved 
or 

Specimen #6 

g-f a c t o r  2.015 2.003 1.991 

-20.1 0.0 +20.2 S* 
m* 5 5.0 5 

Lineshape Unresolved A s y m m e t r i c  Unresolved 
or 

Unresolved 

*s is the f i e l d  sepa ra t ion  between s a t e l l i t e  and 
c e n t r a l  component , 

AN is the l inewidth  between p o i n t s  of maximum slope, 
* 
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whether t h e  hydrogen spectrum which was observed is due t o  the 

formation of atomic hydrogen i n  the  polymer. There is  a 

p o s s i b i l i t y  t h a t  hydrogen is  present  i n  t h e  qua r t z  tube i n  the 

form of chemisorbed H20. 

i n v e s t i g a t i o n s ,  however, i f  t h i s  were t h e  case  it should have 

been observed i n  all y - i r r a d i a t e d  specimens. 

This has been observed by o ther  

More complete analyses  of the spec t r a  w i l l  be given i n  t h e  

f u t u r e  r e p o r t s  when more experimental d a t a  w i l l  be a v a i l a b l e .  

D, Summary 

To summarize, it may be noted t h a t  i n  a l l  u l t r a v i o l e t -  

i r r a d i a t e d  polymers the ESR spec t ra  disappear  i n  seve ra l  seconds 

upon warming t h e  samples t o  room temperature.  A l l  l i n e s  s e e m  

t o  decay a t  the same r a t e ,  but t h i s  observat ion w i l l  be inves t -  

i ga t ed  f u r t h e r .  

Kore de ta l i ed  ana lyses  of the mass spec t r a  da t a  w i l l  be 

made, 

pret t h e  o r i g i n a l  composition of t h e  products  evolved a s  a 

r e s u l t  of u l t r a v i o l e t  i r r a d i a t i o n ,  The examination of da t a  

presented does i n d i c a t e  however t h a t  both hydrogen and methyl 

r a d i c a l s  a r e  evolved a s  a r e s u l t  of the pho to lys i s  r e a c t i o n s ,  

2 9  Mass peaks corresponding t o  carbon dioxide l i b e r a t i o n  (CO 

44 m/e;  C’., 1 2  m / e )  w e r e  not  observed i n  t h e  tests performed 

dur ing  t h i s  r e p o r t  pe r iod ,  presumably due t o  a cleaner,more 

leak- f ree  system. 

A computor program may be r equ i r ed  t o  accu ra t e ly  i n t e r -  

+ 

I l l  R E S E A R C H  I N S T I T U T E  
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The f a c t  t h a t  e l e c t r o n  sp in  resonance spec t r a  were not  

generated f o r  the l a s t  three specimens i s  of g rea t  concern. 

T e s t s  SP-4 through SP-6 were performed a f t e r  the c o n t r o l l e d  

l eak  was r epa i r ed .  The l eak  was a l t e r e d  immediately a f t e r  test  

SP-3 and involved changing an epoxy s e a l  t o  a leak- f ree ,  g lass -  

to-metal s e a l .  The change permitted evacuat ion of the chamher 

t o  an order  of magnitude lower pressure ,  The p o s s i b i l i t y  t h a t  

epoxy or  o ther  contamination could have enhanced t h e  prev ious ly  

observed pho to lys i s ,  thereby  increas ing  the number of d e f e c t s  

t o  a l e v e l  r equ i r ed  f o r  ESR ana lys i s ,  h a s  i n t e r e s t i n g  p o s s i b i l i t i e s ,  

I n  any case ,  it appears  t h a t  subsequent i r r a d i a t i o n s  w i l l  r e q u i r e  

considerably longer exposure times. A thorough check of the 

system has  shown t h a t  a l l  g l a s s  m a t e r i a l s  w e r e  n e i t h e r  coated 

nor f a b r i c a t e d  of u l t r a v i o l e t  absorbing, m a t e r i a l s ,  The l ack  

of ESR spec t r a  can not  otherwise be explained a t  t h i s  t i m e .  

Future s t u d i e s  w i l l  be p e r f G r m e d  i n  conjunction w i t h  our 

new Hi t ach i  RMU-6D mass spectrometer The spectrometer i s  

s i n g l e  focuss ing  ( M / ~ M  = 2000) and equipped w i t h  an e l ec t ron -  

m u l t i p l i e r  d e t e c t o r  f o r  h igh - sens i t i v i ty  d e t e c t i o n  ( f r a c t i o n s  

of a p p m ) .  Compounds w i t h  molecular weights up t o  1500 can be 

analyzed w i t h  u n i t  r e s o l u t i o n .  Mass spectrograms a r e  produced 

on an osc i l l og raph ic  recorder  providing r a p i d  record ing  a t  

h igh  scan r a t e s  ( d e  of 12-500 i n  3 sec.). 

Addit ional  ESR determinat ions a r e  planned f o r  specimens 

i r r a d i a t e d  w i t h  Y-rays both p r i o r  t o  u l t r a v i o l e t  i r r a d i a t i o n  and 

a f t e r  u l t rav io le t - induced  ESR spec t ra  have decayed, It  i s  hoped 

I l T  RESEARCH I N S T I T U T E  
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t h a t  such tests w i l l  e l u c i d a t e  the reason f o r  the l ack  of 

spec t r a  i n  the l a s t  three polymers i r r a d i a t e d .  I n  conclusion,  

it is noted t h a t  t h e  absence of ESR s p e c t r a ,  c o l o r a t i o n  and 

phys ica l -proper t ies  changes i n  these  polymers is s t rongly- in-  

d i c a t i v e  of an absence of damage. 

I I T  R E S E A R C H  I N S T I T U T E  
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V o  CONCLUSIONS 

The most s i g n i f i c a n t  r e s u l t s  of the work r epor t ed  a r e  l isted 

i n  t h e  fo l lowing  paragraphs,  

R u t i l e ,  z i rconia-  and antimonyoxide-opacified b o r o s i l i c a t e  

po rce l a in  coa t ings  were found t o  possess  except iona l  s t a b i l i t i e s ,  

The &Z of only 0,03 i n  2150 ESH exhib i ted  by t h e  ant imoppigmented 

po rce l a in  is i n  d i r e c t  c o n t r a s t  t o  the usual  i nc rease  of )0.50 

observed f o r  s i l icate-bonded antimony oxide coa t ings  a f t e r  

s i m i l a r  exposure. The r u t i l e  p o r c e l a i n ' s  i n i t i a l  s o l a r  absorp- 

tance was 0.25 and it exh ib i t ed  a A a  of only 0.01, The z i r con ia  

p o r c e l a i n  possesses  a Acr of -0.01. These observa t ions  t e n d  t o  

emphasize the importance of examining t h e  inf luence  of su r face  

s t a t e s  on s t a b i l i t y .  

Doping of USP-12 z i n c  oxide with 0.01 and O , l %  l i t h i u m  

s i g n i f i c a n t l y  improved t h e  s t a b i l i t y  of z inc  oxide powder a t  

l i t t l e  c o s t  t o  the i n i t i a l  solar absorptance.  

was 0.010 i n  1760 ESH; the her of the O,Ol% Li-doped specimen 

was 0,004 and t h a t  of the O,lO% Li-doped sample was 0 ,005 ,  

The 6, of U S P - ~ ~  

An u-alumina-pigmented Owens-Illinois Type 650 r e s i n  

e x h i b i t e d  an i n i t i a l  s o l a r  absorptance of 0-09 and a Au of 0.06 

a f t e r  1700 ESH. The i n i t i a l  so l a r  absorptance is  the lowest 

ever  obtained w i t h  a s i l i c o n e  vehicle .  B e t t e r  s t a b i l i t y  was 

achieved w i t h  a previous u-alumina-silicone coa t ing  and th i s  

system w i l l  t h e r e f o r e  be s tudied  f u r t h e r .  

Moisture appears t o  have l i t t l e  effect  on the s t a b i l i t y  

of S-13. An S-13 p a i n t  prepared under anhydrous condi t ions  

l l T  R E S E A R C H  I N S T I T U T E  
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I possessed a s o l a r  absorptance of only 0015 for a 5-miX f i l m ,  

however, This is  the most r e f l e c t i v e  S-13 specimen examined 

thus  f a r ,  

A z inc  oxide-pigmented Owens-Illinois Type  650 r e s i n  which 

was B-staged possessed improved phys ica l  p r o p e r t i e s  and exh ib i t ed  

a bu of only 0,002 a f t e r  an exposure of E700 ESH, 

Pho to lys i s  s t u d i e s  du r ing  t h i s  per iod  have shown t h a t  both 

hydrogen and methyl r a d i c a l s  a r e  evolved during u l t r a v i o l e t  

i r r a d i a t i o n ,  Observations tend t o  r e i n f o r c e  the suppos i t ion  

t h a t  contamination p lays  a lead ing  r o l e  i n  pho to lys i s  r e a c t i o n s  

i n  100% methyl s i l i c o n e s ,  

I l l  R E S E A R C H  I N S T I T U T E  
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